INTRODUCTION
Psoriatic arthritis (PsA) is a chronic inflammatory arthritis which affects up to 30% of patients with psoriasis. [1] [2] [3] Over half of the patients with PsA will go on to exhibit a more severe, erosive form of the disease that can be associated with rapidly progressive joint damage and substantial functional impairment. [4] [5] [6] The complex nature of PsA can also result in a considerable negative impact on multiple physical and emotional aspects of patients' lives 7 8 as well as severe work disability and loss of productivity. 9 This has a significant impact on the quality of life as well as financial status of individuals.
While there is published evidence on the burden of the disease on work disability in related rheumatic diseases such as rheumatoid arthritis (RA) and ankylosing spondylitis (AS), [10] [11] [12] [13] to date there are few data on work disability in PsA. 9 14 Some evidence indicates that the employment rate in patients with PsA is significantly lower than that seen in the general population, slightly lower than in the AS population but higher than in the RA population. 15 In contrast to RA, very little is known about the indirect costs associated with PsA and its treatment. The age of onset of PsA is in the 30-40s for men and women, an age at which many men and women would be in the midst of working careers. Additionally, two separate studies to identify issues of concern among PsA patients reported the reduced ability to work or volunteer 16 and the reduced ability to fulfil personal roles, social life and work, as common concerns. 17 Reports from several studies of tumour necrosis factor (TNF) inhibitor in PsA have suggested that these biologic agents can have a positive impact on productivity in PsA patients, improving employment status and work productivity compared to placebo. [18] [19] [20] However, further research is required to better understand the impact of PsA and TNF inhibitor therapies on workplace productivity, as well as on daily activities within the household and participation in social or leisure activities.
The efficacy and safety of certolizumab pegol (CZP), a PEGylated Fc-free anti-TNF agent, in PsA patients has been investigated and reported in the RAPID-PsA trial (NCT01087788). 21 Here we report on the impact of CZP on productivity in paid and household work, and on participation in family, social and leisure activities, in patients with active PsA.
METHODS Patients
The RAPID-PsA trial (NCT01087788) randomised 409 patients aged 18 years or older, with a diagnosis of adult-onset active PsA of ≥6 months' duration Open Access Scan to access more free content as defined by the ClASsification criteria for Psoriatic ARthritis (CASPAR). 22 All recruited patients had to have active psoriatic skin lesions or a documented history of psoriasis. In addition, erythrocyte sedimentation rate ≥28 mm/h (Westergren) or C-reactive protein levels above the upper limit of normal (ULN; 7.9 mg/L) was required. Patients must have previously failed treatment with, or been resistant to, at least one disease modifying antirheumatic drug and up to 40% of patients could have previously been treated with a TNF inhibitor.
Patients were excluded from the study if they had a form of inflammatory arthritis other than PsA or had a secondary, noninflammatory condition symptomatic enough to interfere with evaluation of CZP for PsA. Patients were also excluded if they had received previous treatment for PsA or psoriasis with more than two biologics or at least two TNF inhibitors, or had primary failure to a prior TNF inhibitor.
Study design
RAPID-PsA is an ongoing, phase 3, multicentre study in PsA patients. Details of the RAPID-PsA trial design are reported elsewhere. 21 In brief, the study was double-blind and placebocontrolled to week 24, dose-blind to week 48 and is open-label to week 216. Patients were randomised 1:1:1 to placebo, or 400 mg CZP at weeks 0, 2 and 4 (loading dose) followed by either 200 mg CZP every 2 weeks (Q2W) or 400 mg CZP every 4 weeks (Q4W), administered subcutaneously by investigators using a blinded prefilled syringe. 21 Randomisation was stratified according to investigator site and prior TNF inhibitor exposure according to an interactive voice response system.
Placebo patients who failed to achieve a 10% improvement from baseline in tender and swollen joint counts at weeks 14 and 16 underwent mandatory escape and were re-randomised at week 16 to receive CZP 200 mg Q2W or CZP 400 mg Q4W following loading dose at weeks 16, 18 and 20. The clinical primary endpoints were ACR20 response at week 12 and change from baseline in modified Total Sharp Score (mTSS) at week 24. 21 23 CZP safety was also investigated and is reported elsewhere. 21 
Work Productivity Survey
The Work Productivity Survey (WPS) is a novel validated questionnaire assessing the impact of arthritis-related symptoms on patient productivity in the workplace and at home, and on participation in family, social and leisure activities. 24 The WPS has demonstrated good psychometric properties (ie, discriminant validity, responsiveness to clinical changes and reliability) in RA, 25 PsA 26 and axial spondyloarthritis (axSpA) (unpublished data).
The WPS is self-reported, but interviewer-administered and has a recall period of 1 month. The first question addresses employment status and provides additional information on job type for employed patients (non-manual, manual with no supervisory duties, or mixed) and on the status of those not employed. For employed patients, three questions relate to paid work productivity outside the home. These questions assess over the past month: absenteeism (full days of work missed due to arthritis); presenteeism (days with work productivity reduced by ≥50% due to arthritis); and the level of interference of arthritis on work productivity (on a 0-10 scale; where 0=no interference and 10=complete interference).
All patients, regardless of their employment status, answer five questions which are related to household work and daily activities. These questions specifically assess over the previous month: the number of days with no household work performed due to arthritis; days with household productivity reduced by ≥50% due to arthritis; days with outside help hired due to arthritis; days with family, social or leisure activities missed due to arthritis; and the level of arthritis interference with household productivity (on a 0-10 scale; where 0=no interference and 10=complete interference). The WPS was completed at the baseline visit of the RAPID-PsA trial and every subsequent 4 weeks.
Statistical analysis
All analyses were conducted in the randomised set (RS), which included all patients randomised to the study. The RS has also been used to report clinical and patient-reported efficacy outcomes from the RAPID-PsA study in previous publications. 21 27 The WPS questions relating to workplace productivity were analysed for employed patients only, whereas the questions assessing household productivity were analysed for all patients, in the entire RS. The burden of PsA on productivity in the workplace and within the home was assessed through the WPS responses at study baseline in the entire RS population, as well as by treatment groups. Mean WPS responses were compared between CZP and placebo treatment arms at specific study visits using a non-parametric bootstrap-t test (a 5% statistical significance level was used). 28 Last observation carried forward (LOCF) was used to impute missing data following patient withdrawal (for any reason) or for any patient with a missing measurement. For placebo patients who escaped to active treatment arms, the last observation prior to escape was carried forward.
Additional post-hoc analyses were conducted to calculate the frequency distribution of the WPS scores at specific visits and the cumulative gains over 24 weeks. Cumulative productivity scores were derived for each individual treatment group by summing the productivity scores over the 24 weeks of the double-blind phase, starting at week 4. The cumulative gains were derived as the total difference in gains between the CZP treatment and placebo groups and are presented over the 6-month period.
RESULTS

Baseline characteristics
A total of 409 patients were randomised and received at least one dose of study medication. Of these, 136 patients were randomised to placebo, 138 patients to CZP 200 mg Q2W and 135 patients to CZP 400 mg Q4W. A total of 368 patients (90.0%) completed the 24-week placebo-controlled period; 59 placebo patients (43.4%) underwent mandatory escape and were re-randomised to CZP treatment at week 16. Additionally, 18 (13.0%) CZP 200 mg Q2W and 21 (15.6%) CZP 400 mg Q4W patients fulfilled escape criteria, but continued randomised treatment with the same dose regimen as per protocol. 21 Baseline demographics and characteristics, including measures of disease severity, were generally well balanced between treatment groups (table 1) .
A total of 56.6%, 60.1% and 61.5% of patients in the placebo, CZP 200 mg Q2W and CZP 400 mg Q4W treatment Figure 1 RAPID-PsA: employment status at study baseline (randomised set population, observed cases). Other non-employed includes: student, unable to work due to non-arthritis and other non-employed status. CZP, certolizumab pegol; PBO, placebo; Q2W, every 2 weeks; Q4W, every 4 weeks. groups, respectively, were employed at study baseline. Among the RS population, 13.0-15.6% of the patients were unable to work due to PsA, 12.6-14.2% were retired and 3.7-8.2% were homemakers (figure 1).
Burden of disease on workplace and household productivity at baseline
Overall, the burden of disease at study baseline was high in PsA patients. Employed patients reported on average more than 1 week of workplace productivity (in terms of both absenteeism and presenteeism) affected by PsA over the previous month (table 2) . The burden of PsA on household productivity was even greater than that seen in the workplace, with on average more than 2 weeks of household work and social activities affected by the disease over the previous month. Baseline productivity was comparable across treatment arms (table 2) .
Improvements in workplace productivity
At baseline, all patients answered at least one of the WPS questions; there were no patients with a completely missing WPS questionnaire. The beneficial effects of CZP treatment on workplace productivity compared with placebo were observed as early as week 4 and continued up to week 24.
At week 4, employed patients in both CZP treatment arms had an average of 0.6-0.9 fewer days of absenteeism per month, had 2.2-2.4 fewer days per month with reduced productivity and a reduced monthly rate of PsA interference with work productivity of 0.8-1.4 (on a 0-10 scale), compared with an average 0.5 fewer days of absenteeism per month, 1.2 fewer days with Figure 2 RAPID-PsA: monthly improvements in paid work productivity (employed patients, randomised set population). Left hand panels represent work productivity outcomes up to week 24, right hand panels represent frequency distribution plots at baseline (BL), week 4 and week 24. Non-parametric bootstrap-t test, last observation carried forward. *Certolizumab pegol (CZP) 200 mg Q2W vs placebo (PBO) p-value ≤0.05; ‡CZP 400 mg Q4W vs PBO p-value <0.05; †0-10 point scale (0=no interference, 10=complete interference).
reduced productivity, and a reduced rate of PsA interference of 1.0 for placebo patients (figure 2). Improvements from baseline in CZP-treated patients were further increased up to week 24 of the RAPID-PsA study; an average of 1.0-1.8 fewer days of absenteeism per month, 3.0-3.9 fewer days per month with reduced productivity, and PsA interference with paid work productivity reduced by 1.9-2.7, compared with 1.0 less day of absenteeism per month ( p<0.05; CZP 200 mg Q2W vs placebo), 0.3 fewer days per month with reduced productivity ( p<0.05; CZP 200 mg Q2W vs placebo), and PsA interference with work reduced by 1.0 in placebo patients ( p<0.05; either CZP arm vs placebo) (figure 2; see table 3 for mean difference and CI values).
At week 24, the number of CZP-treated patients who did not report workplace absenteeism increased by 12.2-19.3%, compared with 1.0% in the placebo group. Similar frequency distribution patterns were seen for the number of paid work days with reduced productivity and the level of PsA interference with paid work productivity. These monthly improvements in workplace productivity reported by CZP-treated patients resulted in cumulative gains over the 24 weeks equivalent to a mean of 6.7 or 8.3 full days gained of paid work and an additional mean of 8.8 or 5.2 days with increased productivity for CZP 200 mg Q2W or CZP 400 mg Q4W, respectively, over placebo.
Improvements in productivity within the home and increased participation in family, social and leisure activities Regardless of employment status, CZP-treated patients reported reduced loss of productivity within the home and greater participation in daily activities compared to placebo patients. Improvements in household work productivity in CZP-treated patients were observed as early as week 4 and continued up to week 24 ( figure 3) .
At week 4, CZP-treated patients reported on average 1.9-2.2 fewer days with no household productivity per month, 1.8-1.9 fewer days per month with reduced household productivity, and a reduced monthly rate of PsA interference with work productivity of 1.4-1.6 (on a 0-10 scale), compared with 1.2 days gained per month, 1.9 fewer days with reduced productivity, and a reduced rate of PsA interference of 0.4 for patients in the placebo group (figure 3). Further improvements were reported in CZP-treated patients up to week 24 with an average of 3.0-3.5 fewer days with no household work, 3.6-4.2 fewer days with reduced household productivity, and PsA interference with productivity within the home reduced by 2.3-3.0, compared with an average of 1.0 less day with no household work per month (p<0.05; either CZP arm vs placebo), 1.8 fewer days per month with reduced productivity ( p<0.05; either CZP arm vs placebo), and PsA interference with work reduced by 0.8 in placebo patients ( p<0.05; either CZP arm vs placebo) (figure 3). For CZP patients, improvements in participation in family, social and leisure activities were observed at week 24 with an average of 2.3-3.0 days gained per month, compared with just 0.9 days gained in placebo patients ( p<0.05; either CZP arm vs placebo) (figure 3; see table 3 for mean difference and CI values).
The number of CZP patients with no days lost of household work was increased by 23.7-26.1% at week 24, compared with an increase of 4.4% in the placebo group. Similar frequency distribution patterns were seen for the number of days with reduced household work productivity, the level of PsA interference with household work productivity, and the number of days missed of family, social and leisure activities.
Cumulative gains in full days of household work over placebo were equivalent to, on average, 10.5 and 12.9 days for CZP 200 mg Q2W and CZP 400 mg Q4W, respectively, over the 24-week period. CZP treated patients also gained over placebo an additional mean of 20.1 and 16.6 days, respectively, of productive household work over the 24-week period and a mean of 5.1 and 7.4 days, respectively, of social, family or leisure activities over the 24 weeks. 
Clinical and epidemiological research DISCUSSION
Baseline data from the RAPID-PsA trial suggest that PsA has a significant impact on employment status and productivity, both within and outside the home. These findings are consistent with previous reports of severe work disability and loss of productivity in PsA patients, 9 including studies that report a reduced ability to work or volunteer, 16 or to fulfil work, personal and social lives.
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Previous reports also suggest that patients with severe PsA may be forced into early retirement or unemployment due to an inability to perform physical work activities. 29 However, compared with a large number of reports on the burden of RA on patient productivity, relatively little is known about the true negative impact of PsA on productivity. There is some evidence to suggest that the employment rate in PsA patients is higher than in the RA population, but significantly lower than that seen in the general population. 15 However, age of onset of PsA is in the 30-40s for men and women, an age at which many patients are in the midst of their working careers. Thus, the earlier onset of disease in PsA, compared with RA, could result in greater disability over the course of a PsA patient's working life and may impact significantly on career progression.
The financial burden of PsA is likely to be significant and includes both direct costs associated with the provision of healthcare, and indirect costs associated with loss of productivity, due to time off work for medical care, lost wages from time off, decreased productivity at work and unemployment due to disability. 29 Previous papers have reported large indirect economic costs associated with PsA in terms of costs associated with patients' short-term absence from work, patients' permanent work disability and caregivers' short-term absence from work. [30] [31] [32] As the indirect costs attributed to lost productivity in the workplace and at home are major contributors to the economic burden of PsA, any improvements in productivity associated with CZP treatment will help reduce the economic burden of this chronic inflammatory disease.
In the RAPID-PsA study, CZP treatment resulted in rapid and substantial improvements in workplace and household productivity. Improved productivity at work and within the home was seen as early as week 4 and continued up to week 24. This included reduced absenteeism and presenteeism for employed patients in both CZP groups, compared with placebo. CZP treatment also resulted in improved productivity within the home, and fewer days of lost participation in family, social and leisure activities per month. These results, alongside clinical improvements seen over the first 24 weeks of CZP treatment in PsA patients, 21 indicate that CZP may be a valuable treatment option for PsA patients. Improvements in productivity may also contribute to the patients' psychosocial well-being, enhancing these additional aspects of their health-related quality of life.
In line with the current PsA study, CZP plus methotrexate (MTX) has previously been shown to improve productivity in RA patients both outside and within the home. The combination therapy also resulted in greater participation in social activities compared with placebo plus MTX. 33 Other TNF inhibitors, namely etanercept, infliximab and golimumab, have also been shown to improve productivity in patients with active PsA. [18] [19] [20] However, differences in the measures used to assess the impact of specific treatments on productivity make it difficult to compare between specific TNF inhibitors.
A limitation of the current report is that it only presents results up to week 24 of the RAPID-PsA trial. Consequently, longer-term results from this study or from real-life observational studies will be needed to confirm these initial findings. This is important as currently there is limited evidence from long-term observational studies in terms of the benefits of anti-TNFs on work disability in PsA. 9 34 Other limitations of the data reported here include the early withdrawal of some patients ( prior to week 24) and use of LOCF methodologies to impute any missing data. Nevertheless, the data reveal a rapid effect of CZP treatment, with improvements seen within 4 weeks of administration, in both CZP dosing regimens (CZP 200 mg Q2W and CZP 400 mg Q4W) across a broad spectrum of productivity-related concepts.
In summary, PsA had a significant burden on patient productivity at study baseline. The rapid improvements seen in CZP-treated patients in paid work productivity, household productivity and participation in family, social and leisure activities, alongside the clinical improvements seen, suggest that CZP is a potentially valuable treatment option for PsA patients. These beneficial effects with respect to PsA patients' workplace and household productivity could ultimately result in gains in the quality of life and in the economic burden of this chronic inflammatory disease, particularly in those of working age.
